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Abstract 
The paper works out the long-run relationship between transport infrastructure (TRA), foreign direct investment 
(FD) and economic growth (GDP) in India. Using autoregressive distributed lag (ARDL) and vector error-
correction model (VECM), we find that transport infrastructure is cointegrated with foreign direct investment and 
economic growth, indicating the affirmed presence of long-run equilibrium relationships among them. Our 
causality test further confirms the presence of bidirectional causality between TRA and FDI, TRA and GDP and 
FDI and GDP. The policy implications of our results are straightforward. If India needs to generate additional 
foreign direct investment and economic growth, fostering transport infrastructure development is urgently 
required as a condition precedent to faster economic growth. Moreover, bringing more FDI to the country can 
also foster transport infrastructure development and higher economic growth. Similarly, maintaining high 
economic growth can accelerate both FDI inflows and rapid transport infrastructure development in India. In 
short, all main variables positively interact in the development process. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of International Scientific Committee. 
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1. Background to the Study: In theory, transportation infrastructure is a key pre-condition to both foreign direct 
investment and economic growth [Yu et al., 2012; Liu and Zhao, 2005; Zhang, 2009; Ma and Li, 2001; 
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Ramanathan, 2001]. However, the relationships among these three core variables in this study are paradoxical: 
there is evidence that the positive developmental impact of transport infrastructure depends significantly on 
attracting foreign direct investment and thus fostering greater economic growth. However, transport 
infrastructure development itself depends on foreign direct investment and higher economic growth. We need, 
therefore, to have evidence to determine if there is (1) any long-run relationship between transport infrastructure, 
foreign direct investment and economic growth; and (2) the directions of causation involved. The paper 
investigates the statistical relationships between transport infrastructure (TRA), foreign direct investment (FDI) 
and economic growth (GDP) in India over more than four decads, from 1970 to 2012.  
2. Database and Methods of Study: Annual data from 1970 to 2012 are used for our empirical investigation. 
The data were obtained from World Development Indicators reported by World Bank and Infrastructure 
Statistics, Ministry of Statistics and Programme Implementation, Government of India, New Delhi. Note that we 
use numerical representations of transport infrastructure in two different ways in this paper: (a) at the individual 
level, rail infrastructure (RAI) and road infrastructure (ROA) are treated separately, and (b) at the group level (a 
composite index concept), which links both railway infrastructure and road infrastructure contemporaneously. 
Principal component analysis (PCA) was used to derive the composite index of transport infrastructure (TCI) [for 
details of this application of PCA, see Pradhan, 2007]. Both road and rail infrastructures were measured in 
kilometers, so merely combining these two measures may not be technically defective, even though they do not 
represent comparable magnitudes of capacity. We combined these two measures by the process of 
standardization, which is statistically feasible and traceable to earlier literature in which investigators combined 
rail and road (see Chaudhury, 2005, for instance). In the analysis all data were expressed logarithmically in order 
to include the proliferative effect of time series. The study tested the following hypotheses: H1: Transport 
infrastructure (TRA) Granger-causes economic growth (GDP). This is termed the TRA-led GDP hypothesis; H2: 
Foreign direct investment (FDI) Granger-causes economic growth (GDP). This is termed the FDI-led GDP 
hypothesis; and H3: Transport infrastructure Granger-causes foreign direct investment. This is termed the TRA-
led FDI hypothesis. In this study, the tests for the TRA-led GDP hypothesis (H1) and its counterparts (the FDI-
led GDP hypothesis, H2, and the TRA-led FDI hypothesis, H3) were performed in two steps: Step 1 involved 
tests for cointegration, and Step 2 involved tests for Granger causality. The Autoregressive Distributive Lag 
(ARDL) bounds-testing approach and vector error-correction modelling (VECM) were employed for testing 
these three hypotheses (H1, H2 and H3). This section provides a brief review of the methodologies adopted in this 
paper. We deployed the ARDL bounds-testing approach developed by Pesaran et al. (2000) and Pesaran et al. 
(2001), to identify the possible causal relationships between transport infrastructure, foreign direct investment 
and economic growth. The ARDL method involves two steps: first, testing the long-run equilibrium relationship 
between transport infrastructure, foreign direct investment and economic growth; second, estimating short- and 
long-run causalities. These two steps are briefly discussed below:  
Step 1: Testing Cointegration: The concept of cointegration, introduced by Granger (1988), is a multivariate 
problem that is very relevant to the issue of how to determine a long-run relationship between variables, such as 
the core variables in our study.  A long-run relationship, from a statistical point of view, implies that variables 
move together over time so that short-term disturbances arising from the long-term trend are corrected. The basic 
concept underlying cointegration is simple: if the difference between two non-stationary series is itself 
stationary, then the two series are cointegrated.  If two or more series are cointegrated, then the variables can be 
interpreted as being in a long-run equilibrium relationship. By contrast, a lack of cointegration suggests that such 
variables have no long-run equilibrium relationship, and in principle, they can diverge from each other arbitrarily 
(Dickey et al., 1981). When a collection of time-series observations becomes stationary only after first diverging, 
an individual time series may display linear combinations that are stationary without diverging. Such collections 
of series are usually called cointegrated (Granger, 1988) if integration of the first order is implied. Following the 
above discussion, we employ cointegration analysis to establish whether a long-run relationship exists among the 
set of such possibly-integrated variables. In such investigations, one can use a number of cointegration tests, such 
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as the two-step approach developed by Engle and Granger (1987), the vector autoregressive (VAR) approach 
developed by Johansen (1988), or the ARDL bounds-test approach developed by Pesaran et al. (2001). In this 
paper, we chose to employ the ARDL bounds-testing framework to identify the existence of any long-run 
relationships between transport infrastructure, foreign direct investment and economic growth. This technique 
was chosen because this framework offers a number of advantages compared to other conventional methods such 
as En (1988) methods. For instance, the first two conventional 
cointegration methods estimate long-run relationships in the context of a system of the equations, whereas the 
ARDL method uses only a single reduced form of equation (Pesaran and Shin, 1999). Furthermore, the ARDL 
approach does not involve pre-testing variables. This means that the test examines the long-run equilibrium 
relationship between variables, irrespective of whether the underlying regressors are purely I (0), I (1) or 
fractionally integrated (Pesaran et al., 2001; Bahmani-Oskooee and Ng, 2002). In this way, ARDL estimation 
avoids the problem of non-stationary time series data. This feature alone, given the characteristics of the cyclical 
components of the data, made the other standard cointegration techniques unsuitable. Even the use of existing 
unit-root tests to identify the order of integration was highly questionable in a study like this. The ARDL model 
eliminates the need to use the large number of specifications required in other standard cointegration tests. These 
include decisions regarding the inclusion of the number of variables (both explained and explanatory), the 
treatment of deterministic elements, the choice of lag lengths, etc. The empirical results achieved in tests such as 
cointegration are generally very sensitive to the method chosen and the various alternative choices available in 
the estimation procedure (Pesaran and Smith, 1998). With the ARDL, it is possible for different variables to have 
different optimal lags, which is impossible using other standard cointegration tests. The ARDL model uses a 
sufficient number of lags to capture the data-generating process in a general-to-specific modelling framework 
(Laurenceson and Chai, 2003). Most importantly, the ARDL model can be used with limited sample data and can 
still provide robust results relating to the cointegration analysis (Pesaran et al., 2000). In this section, we 
deployed the ARDL [p, q, r] model below to determine the presence of long-run relationships between variables. 
To test the presence of cointegration between stock market development, economic growth and inflation, we 
used the following ARDL [p, q, r] models: 
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TRA is the t -
the corresponding long-run multiplier of the underlying ARDL model. 
for Equation [1], is H0 1TRA 2TRA 3TRA 4TRA= 0, compared to the alternative hypothesis of cointegration, 
H1 1TRA 2TRA 3TRA 4TRA -statistics and by 
comparing them with critical values set out by Pesaran et al. (2001) and Pesaran and Pesaran (1997). The test 
involves asymptotic critical value bounds, depending on whether the variables are I (0) and/or I (1). Two sets of 
critical values are generated. One set refers to the I (1) series, and the other refers to the I (0) series. The critical 
values for the I (1) series are referred to as upper-bound critical values; the critical values for the I (0) series are 
referred to as lower-bound critical values (for more detail, see Pesaran and Smith, 1998). To determine the order 
of the series, we emplo -root test and augmented this with the Dickey-Fuller 
test (Dickey and Fuller, 1981). If the computed F-statistics were above the upper bound, the null hypothesis of 
cointegration had to be rejected, indicating evidence of a long-run equilibrium relationship between the variables, 
regardless of the order of integration of the variables. If the test statistic fell below the lower bound, we could not 
reject the null hypothesis of cointegration, indicating the absence of a long-run equilibrium relationship. If the test 
statistics fell between the bounds, a conclusive inference could not be made without knowing the order of 
integration of the underlying regressors. Step 2: Estimation of long-run and short-run coefficient: This step 
917 Rudra P. Pradhan et al. /  Procedia - Social and Behavioral Sciences  104 ( 2013 )  914 – 921 
involves the estimation of long- and short-run dynamics by using the following vector error-correction model 
(VECM): 
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TRA is the speed of adjustment parameter which is expected to be negative. TRA is used at three levels 
for both equations 1 and 2 (i.e., for rail transport infrastructure (RAI), road transport infrastructure (ROA) and 
total transport infrastructure (TCI).These parameters can indicate how quickly the current differences in the 
transport infrastructure respond to the error correction term disequilibrium in the previous period. The ECMt-1 
represents the lagged error term, which is estimated from the residual of equation [1]. The ECMt-1 indicates the 
speed of the adjustment back to the long-run equilibrium after a short-run shock. It can be noted that the 
estimations of both ARDL and VECM are very sensitive to the lag length. We used both the Akaike information 
criterion (AIC) and the Bayesian information criterion (BIC) to choose the optimum lag length, as recommended 
by Burnham and Anderson (2004). In addition, we conducted diagnostic and stability tests for the goodness-of-fit 
of the ARDL and VECM equations. The diagnostic tests examined the serial correlation by means of the Lagrange 
multiplier test of residual serial correlation, the functional t of square of 
the fitted value), normality by means of the Jarque-Bera test and heteroskedasticity based on the regression of 
squared residuals on squared fitted values. The structural stability was examined by means of the cumulative sum 
(CUSUM) and cumulative sum of squares (CUSUMSQ. The CUSUM and CUSUMSQ statistics are updated 
recursively and plotted against the break points. If the plots of the CUSUM and CUSUMSQ statistics stay within 
the 5% critical bound, the null hypothesis for all coefficients in the given regression is stable and cannot be 
rejected.  
3. Results and Discussion: The empirical results are reported in this section. Tables 1 and 2 report the descriptive 
statistics and the correlation matrix of the variables, respectively. The correlation results show a significant and 
positive association between rail infrastructure (RAI), economic growth (GDP) and foreign direct investment 
(FDI), between road infrastructure (ROA), GDP and FDI, and between total (rail plus road) infrastructure (TCI), 
GDP and FDI. Following the correlation results, we also report the unit-root results for knowing the order of 
integration of the variables. This is essential for the validity of ARDL model. We deployed Augmented Dickey-
Fuller (ADF:, Dickey and Fuller, 1981) and Phillips and Perron (PP: Philips and Perron, 1988) tests for the same. 
Table 3 reports the results of ADF and PP unit-root tests. The tests results reflect that time-series variables, namely 
GDP, FDI, RAI, ROA and TCI, have unit roots in their levels. This is because the estimated ADF statistics cannot 
reject the null hypothesis of non-stationarity at the 5% level of significance. However, all variables are stationary at 
the 5% significance level of the first difference. Hence, the variables are I (1), that is they are integrated of order 
one. This reflects the possibility of cointegration between transport infrastructure, foreign direct investment and 
economic growth. The ARDL model was deployed for the same purpose. The results of the ARDL estimation are 
described in two parts: evidence of a long-run relationship (cointegration) and direction of causality (causation). 
For this purpose, we estimated Equations [1] and [2] through the OLS procedure and computed the F-statistics for 
the joint significance of the lagged levels of variables to compare the results to the critical values provided by 
Pesaran et al. (2001). For Equations [1], for Models 1-3, the calculated F-statistics: FTRA (TRA/ FDI, GDP) = [5.78; 
7.35; 7.47]; FTRA (GDP/ TRA/ FDI) = [34.8; 32.5; 34.4]; and FTRA (FD/ GDP/ TRA) = [6.99; 6.05; 7.45] are higher 
than the upper-bound critical value of 3.37, at a 10% level of significance (see Table 4). Hence, the null hypothesis 
d for all the cases
rejected in the ARDL model when FDI and GDP were the dependent variables (see Table 4).  
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The overall results indicate that there is evidence of a long-run equilibrium relationship between transport 
infrastructure, foreign direct investment and economic growth. To check for robustness, we also verified the test 
We found cointegrating vectors among TCI, RAI, ROA, 
FDI and GDP. (The complex results are not made available here, due to space constraints). To complement this 
study, a test of parameter stability (in Porter and Kashyap, 1984) was employed, that is through the cumulative sum 
(CUSUM) and cumulative sum of squares (CUSUMSQ) (Brown et al., 1975). The CUSUM test uses the cumulative 
sum of recursive residuals based on the first n observations and is updated recursively and plotted against the break 
point. The CUSUMSQ uses the squared recursive residuals and follows the same procedure. This means that 
CUSUM tests can be used even if the structural break point is unknown. If the plots of the CUSUM and CUSUMQ 
stay in the 5% critical bound, then the null hypothesis that all coefficients are stable cannot be rejected. Moreover, if 
either of the parallel lines is crossed, then the null hypothesis of parameter stability must be rejected at a 5% level of 
significance. The results reveal that both the CUSUM and CUSUMSQ plots lie within the 5% critical bound; hence, 
they show that the parameters of the model do not suffer from any structural instability over the period under 
review. (We do not include these figures, because of space constraints).  
Once we had affirmed the required information about the existence of cointegration (a long-run relationship), we 
proceeded to perform a multivariate Granger-causality test, based on the VECM platform. Table 5 shows the 
multivariate Granger causalities between transport infrastructure, foreign direct investment and economic growth. 
The estimated results suggest the existence of bidirectional causality between foreign direct investment and 
economic growth [FDI < => GDP] and a unidirectional causality form transport infrastructure to both economic 
growth and foreign direct investment [RAI => GDP; RAI => FDI; ROA => GDP; ROA => FDI; TCI => GDP; TCI 
=> FDI]. To complement this study, we use generalized impulse response functions (GIRFs). The GIRFs trace the 
effect of a one-time shock to one of the innovations on the current and future values of endogenous variables. The 
generalized impulse responses provided some insight into how shocks to a particular variable (such as TRA) can be 
affected by other variables (such as GDP/ FDI). The GIRFs provided support for the hypothesized presence of 
causality between these variables in the multivariate vector-autoregressive system. (We do not include the details 
here because of space constraints; but the figures are available on request to the corresponding author). 
4. Conclusion and Policy Implications: The paper examines the interactions between transport infrastructure, 
foreign direct investment and economic growth in India during the period 1970-2012. The long-run relationships 
between these variables are intriguing and are of acute interest to policy makers. Using the ARDL bounds-testing 
approach of cointegration, suggested by Pesaran et al. (2001), together with the VECM method, the study reaches 
the following conclusions. The ARDL cointegration results showed that transport infrastructure, foreign direct 
investment and economic growth are cointegrated, indicating the presence of a long-run equilibrium relationship 
between them. The VECM results showed the presence of bidirectional causality between foreign direct investment 
and economic growth and a unidirectional causality from transport infrastructure to both economic growth and 
foreign direct investment. A policy implication of this study is that transport infrastructure can be considered to be 
the best policy variable to predict both foreign direct investment and economic growth in India. If policy-makers 
want to maintain sustainable economic growth and high foreign direct investment, they must focus on building 
transport infrastructure in the economy in the longer term. Such a policy could be also supported by infrastructure 
policy restructuring, especially in the transport sector (both rail and road), in line, for instance, with the suggestions 
of Pradhan and Bagchi (2013).  
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Table 1: Descriptive Statistics 
======================================================= 
Statistics  GDP FDI  RAI  ROA TCI  
======================================================= 
Mean   6.03 2.68 4.79 6.30 1.76  
Median   6.01 2.40 4.79 6.30 1.76  
Maximum  6.59 4.61 4.80 6.63 1.78 
Minimum  5.67 0.60 4.78 5.96 1.74 
Std. Deviation  0.27 0.93 0.01 0.18 0.01  
Skewness  0.42 0.32 -0.45 0.26 0.13  
Kurtosis  2.10 2.31 1.90 2.26 2.04 
Jarque Bera  2.44 1.45 1.90 1.32 1.61  
====================================================== 
Notation: GDP: Gross Domestic Product; RAI: Railway Transport; ROA: Road Transport; TCI: 
Transport Composite Index; FDI: Foreign Direct Investment. 
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Table 2: Correlation Matrix 
======================================================= 
Variables  GDP FDI  RAI ROA TCI 
======================================================= 
Model 1: GDP, FDI, RAI 
GDP   1.00        
FDI   0.93 1.00       
RAI   0.94 0.83 1.00   
Model 2: GDP, FDI, ROA 
GDP   1.00        
FDI   0.93 1.00       
ROA   0.98 0.90  1.00    
Model 3: GDP, FDI, TCI 
GDP   1.00        
FDI   0.93 1.00       
TCI   0.99 0.90   1.00   
=======================================================
Notation: GDP: Gross Domestic Product; RAI: Railway Transport; ROA: Road Transport; 
TCI: Transport Composite Index; FDI: Foreign Direct Investment. 
 
 
Table 3: Results of Unit-Root Test (ADF and PP) 
======================================================= 
  ADF   PP 
 Level First Difference Level First Difference Inferences 
======================================================= 
Model 1: With No Intercept and No Trend 
GDP 8.82 -8.89  7.39 -3.07  I (1): Stationary  
FDI 8.82 -8.89  7.39 -3.07  I (1): Stationary  
RAI 8.82 -8.89  7.39 -3.07  I (1): Stationary  
ROA 8.82 -8.89  7.39 -3.07  I (1): Stationary 
TCI 8.82 -8.89  7.39 -3.07  I (1): Stationary 
Model 2: With Intercept and No Trend 
GDP 8.82 -8.89  7.39 -3.07  I (1): Stationary  
FDI 8.82 -8.89  7.39 -3.07  I (1): Stationary  
RAI 8.82 -8.89  7.39 -3.07  I (1): Stationary  
ROA 8.82 -8.89  7.39 -3.07  I (1): Stationary 
TCI 8.82 -8.89  7.39 -3.07  I (1): Stationary 
Model 3: With Intercept and Trend 
GDP 8.82 -8.89  7.39 -3.07  I (1): Stationary  
FDI 8.82 -8.89  7.39 -3.07  I (1): Stationary  
RAI 8.82 -8.89  7.39 -3.07  I (1): Stationary  
ROA 8.82 -8.89  7.39 -3.07  I (1): Stationary 
TCI 8.82 -8.89  7.39 -3.07  I (1): Stationary 
=======================================================
Notation: ADF: Augmented Dickey-Fuller Test; PP: Phillips-Perron Test; GDP: Gross 
Domestic Product; RAI: Railway Transport; ROA: Road Transport; TCI: Transport 
Composite Index; FDI: Foreign Direct Investment; I (1): Integration of order one; and *: 
Indicates statistical significance at the 1% level. 
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Table 4: Results of ARDL Cointegration Test 
======================================================= 
Statistics Variables  Upper Bound Lower Bound 
======================================================= 
Model 1  GDP FDI RAI 4.13 (5%) 2.92 (5%) 
F-statistics 34.8 6.99 5.78 3.37 (10%) 2.30 (10%) 
Diagnostics Tests 
R2  0.99 0.90 0.90 
F-statistics 5481 159 914 
Model 2  GDP FDI ROA 
F-statistics 32.5 6.05 7.35 
Diagnostics Tests 
R2  0.99 0.89 0.98 
F-statistics 4998 149 953 
Model 3  GDP FDI TCI 
F-statistics 34.4 7.45 7.47   
Diagnostics Tests 
R2  0.99 0.90 0.98   
F-statistics 5394 161 1236   
=======================================================
Notation: GDP: Gross Domestic Product; RAI: Railway Transport; ROA: Road Transport; 
TCI: Transport Composite Index; FDI: Foreign Direct Investment; and *: Indicates 
statistical significance at a 1% level. 
 
Table 5: Results of VECM Causality 
======================================================= 
Variables  GDP FDI RAI ROA  TCI ECTt-1  
======================================================= 
Model 1: GDP, FDI, RAI 
GDP  ------ 6.78* 3.03   0.04  
FDI  6.39* ------ 4.82*   4.04  
RAI  2.53 0.01 ------   0.77   
  Inferences: FDI => GDP; RAI => GDP; GDP => FDI; RAI => FDI 
Model 2: GDP, FDI, ROA 
GDP ------ 9.70*   3.40  -2.60  
FDI 4.42* ------   5.61*  4.04  
ROA 0.02 0.41   ------     
  Inferences: FDI => GDP; ROA => GDP; GDP => FDI; ROA => FDI 
Model 3: GDP, FDI, TCI 
GDP ------ 8.48*    1.26 -1.85  
FDI 5.72* ------    5.25* 4.07  
TCI 0.41 0.23    ------ 0.95 
Inferences: FDI => GDP; TCI => GDP; GDP => FDI; TCI => FDI   
=======================================================
Notation: GDP: Gross Domestic Product; RAI: Railway Transport; 
ROA: Road Transport; TCI: Transport Composite Index; FDI: Foreign 
Direct Investment; ECT: Error Correction Term; *: Indicates statistical 
significance at a 5% level; and **: Indicates statistical significance at a 
10% level;  a differential operator; =>, direction of implied causation 
and impact. 
